Background: Recently, some reports have revealed a relationship between post-hepatectomy prognosis in hepatocellular carcinoma (HCC) and hepatic fibrosis markers. We evaluated the relationship between these markers of hepatic fibrosis, clinicopathological findings, and prognosis.
Introduction
Hepatocellular carcinoma (HCC) is the fifth-most prevalent carcinoma in the world. HCC is the third-most common cause of cancer-related death worldwide 1, 2 . From a clinical point of view, the critical problem is recurrence of HCC after treatment 3 . Despite improving techniques in non-surgical approaches, hepatectomy still represents a potentially curative treatment for HCC. Unfortunately, tumor recurrence is the major cause of worsening results in long-term survival, with an expected 5-year intrahepatic recurrence rate of up to 70 % 3 . Thus, the identification of new markers for recurrence and survival is important to predict the possible outcome of patients with HCC 4 . Type IV collagen codistributes with laminin in the basement membranes of vessels and bile ducts, and there is also free type IV collagen that is not associated with laminin and is distributed in the sinusoids as small, discrete, discontinuous deposits. During the transition from early to late fibrosis, trichrome (stains primarily collagen I) and collagen IV showed the steepest increase and appeared to be the most useful discriminators between the early and late stages of fibrosis 6 .
The aim of this study was to evaluate the relationship between serum HA and type IV collagen levels, clinicopathological findings, and prognosis in patients who underwent hepatic resection for HCC. Serum HA levels and type IV collagen levels were measured within 4 weeks before surgery. We divided these patients into two groups: normal serum HA levels and abnormal levels. We also divided patients into groups with normal serum type IV collagen levels or with abnormal serum type IV levels. The normal HA level was under 50 ng/mL. The normal type IV collagen level was under 140 ng/mL.
Materials and Methods

Consecutive
Categorical variables were compared using the χ 2 test and Student's t-test. Multiple logistic regression analyses were performed to confirm the relationship between variables, serum HA level, and type IV collagen level.
Recurrence-free survival (RFS) and overall survival (OS) curves were determined with the Kaplan-Meier method.
Multivariable Cox proportional hazards regression analyses were performed.
Results
During the study, 360 consecutive patients underwent hepatectomy for HCC. The median age was 66.7 years, and 263 of the patients were men; 70 patients were hepatitis B surface antigen (HBs-Ag) positive, and 224 patients were hepatitis C virus antibody (HCV-Ab) positive.
Child-Pugh grade A was present in 324 cases, and grade B was present in 36 cases. The mean tumor diameter was 45.5 mm. In the analysis of type IV collagen, 63 patients were excluded because their preoperative serum type IV collagen level had not been determined. The remaining 297 patients were analyzed ( Table 1) .
Regarding HA level, a comparison of the two groups is shown in Table 2 . In the normal HA group, age, HCV-Ab positivity, Child-Pugh grade B, liver cirrhosis, indocyanine green retention rate at 15 min (ICGR15), type IV collagen level, and type IV collagen 7s level were signifi- Fig. 1 A: A high serum hyaluronic acid (HA) concentration was associated with shorter overall survival (OS) (P=0.0005) and recurrence-free survival (RFS) (P=0.0351). In the normal HA group, OS and RFS were significantly longer than in the abnormal group. B: A high serum type IV collagen concentration was also associated with shorter OS (P=0.0039) and RFS (P=0.00294). In the normal type IV collagen group, OS and RFS were significantly longer than in the abnormal group.
cantly lower than in the abnormal group. Moreover, in the normal HA group, serum albumin level and prothrombin time were significantly higher than in the abnormal group. Anatomical resection of HCC was performed more often in the normal HA group than in the abnormal group. High serum HA concentrations were associated with shorter OS (P=0.0005) and RFS (P=0.0351).
( Fig. 1A) .
Next, we analyzed type IV collagen levels. A comparison of the background characteristics of the two groups is shown in Table 3 . In the normal type IV collagen group, HCV-Ab positivity, liver cirrhosis, ICGR15, HA level, and type IV collagen 7s level were significantly lower than in the abnormal group. Moreover, in the normal type IV collagen group, the serum albumin level was significantly higher than in the abnormal group. A high serum type IV collagen concentration was also associated with shorter OS (P=0.0039) and RFS (P=0.00294) (Fig.   1B) .
Factors that were associated with OS in univariate analysis were tumor diameter, vascular invasion, stage, serum albumin, serum AFP, serum AFP L3, serum DCP, serum HA, and serum type IV collagen ( Table 6 ).
These factors were included in the multivariate analysis.
The analysis revealed that high preoperative serum HA levels and tumor diameter independently predicted poor RFS ( show an improvement in recurrence-free survival following anatomical resection of HCC 9 . These findings are controversial. Prospective randomized control studies are required.
High type IV collagen levels independently predicted OS. These markers are very important for hepatic resection for HCC. Interestingly, the effects of tumor number, vascular invasion, stage, and some tumor markers were detected by univariate analysis, but these effects were not detected in multivariate analysis.
We will now review HA and type IV collagen and discuss the mechanism of how these factors affect OS and RFS.
HA is a high molecular weight (10 6 10 7 Da) glycosaminoglycan polymer that is composed of repeating disaccharides: β1, 3 N-acetyl glucosaminyl-β1, 4 glucuronide 10 .
Serum HA levels indicate the severity of underlying chronic liver disease 11 13 . Serum HA levels reflect liver fibrosis more closely than ICG R15 14 . Moreover, because portal pressure is correlated with hepatic fibrosis 15 , serum HA may be a biochemical marker of portal pressure and a predictor of postoperative hepatic failure 14 . Serum HA concentration reflects the function of hepatic sinusoids and is a sensitive marker of liver endothelial cell dysfunction after liver ischemia 16 . Some reports have revealed that HA is a useful marker for the prediction of post-hepatectomy hepatic functional reserve 15, 17, 18 . HA is involved in tumorigenesis 10 . HA receptors such as CD44
(cluster of differentiation 44) are implicated in the cell signaling cascades associated with cancer initiation and progression 19 . The CD44 receptor is a widely distributed transmembrane glycoprotein that plays a critical role in malignant cell activities 10 . CD44 has some isoform types.
HA/CD44 and HA/CD44v interactions regulate stem cell migration and homing 20 . CD44s have been implicated in promoting epithelial-mesenchymal transition (EMT) 21 .
These mechanisms may contribute to shortening the RFS at a high HA level. Type IV collagen is common in a variety of tumors 22 26 . A positive correlation between type IV collagen expression and tumor metastasis has been reported in several studies 28 . Native type IV collagen induced an EMT-like process, increasing matrix metallopro- 
Conclusion
Preoperative examination of serum hyaluronic acid levels and type IV collagen levels are imperative for the hepatic resection of hepatocellular carcinoma because these markers are significantly associated with liver function and prognosis.
